Version with Markings to 
Show Changes Made 



SUBSTITUTE SPECIFICATION 
LEVEL TRANSFORMING CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a level transforming circuit serving as an 
interface of a^digital circuit, wherein the level transforming circuitw hiek operates 
witha t different electricity source voltages. 

2. Description of Related Art 

The finer the structure of aJVIOS transistor becomes, the weaker the strength 
of a__gate oxide film becomes. For example, a_MOS transistor produced in a fine 
process of an extent of 0.35 u m is m, is able to operate at an electricity source 
voltage of an extent of 3.3V. Further, a_MOS transistor produced in a latest fine 
process of an extent of 0.18 u m is m, is able to operate at an electricity source 
voltage of an extent of 1.8V. In the conventional art, when it is necessary to make an 
interface between a circuit of 0.18/x m fine process and a circuit of 0.35 m ni fine 
process, a level transforming circuit in the interface required ne e d e d both MOS 
transistors of 1.8V and 3.3V. 
(First prior art) 

Fig. 10 is a circuit diagram showing a structure of a_level transforming 
circuit of a first First prior art disclosed in Japanese patent publication No. 4-150411. 
This level transforming circuit comprises, as shown in Fig. 10, a latch circuit 200, 
which operates with a high voltage electricity source VDD (3.3V). And, N MOS 211 
and 212 are connected between node Nil, N12 21K 212 of this latch circuit 200 and 
the ground. What is impr e ss e d to th e gat e of MOS 211, is a A signal IN com e from a 
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circuit which operates with a low voltage electricity source VCC (1.8) is impressed 
to the gate of NMOS 211 . On the other hand, what is impressed to the gate of MOS 
212, is an inverse signal of thethis signal IN driven by an inverter 213, which 
operates with a low voltage electricity source VCC (1.8) as well , is impressed to the 
gate of NMOS 212 . Provided that node Nil, N12 of latch circuit 200 is respectively 
3.3V, 0V; if the signal IN becomes 3.3V, NMOS 211 turns on and NMOS 212 turns 
off. As a result, node Nil becomes 0V and node N12 becomes 3.3V. Then, the input 
signal IN is transformed from 1.8V to 3.3V , and . And, the signal latched in the latch 
circuit 200[[,]] is obtained from the node N12. 
(Second prior art) 

Fig. 11 is a circuit diagram showing a structure of a_level transforming 
circuit of a second S e cond prior art disclosed in Japanese patent publication No. 
6-216752. This level transforming circuit comprises with MOS transistors having 
a which dielectric strength of a_gate oxide film which is lower than a_high voltage 
(5V), so as to transform ajevel from a low voltagevetage electricity source system to 
a high voltage electricity source system. As shown in Fig. 11, this level transforming 
circuit comprises a level transforming section comprising MOS transistors 300 to 
313, and an output section comprising NOS transistors 314 to 317. The level 
transforming section has input is inputt e d with the signal IN of a_Jow voltage 
(VCC:3V) electricity source system, so as to output p ut out a signal for a 
transforming level to node N21, N22. The output section has input is inputted with a 
control signal from the level transforming section mentioned abovejf;]] so as to 
output p ut out an output signal OUT1 having an amplitude of 0V to 5V as ajiigh 
voltage (VDD:5V) electricity source system, an output signal OUT2 having an 
amplitude of an intermediate electric potential to 5V, and an output signal OUT3 
having an amplitude of 0V to an intermediate electric potential. 
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Here, described is an occasion when an output enable signal OE and its 
inverse signal OEB are inputted with H level and L level respectively. If input signal 
IN becomes L level; PMOS 306, 307 turns on and NMOS 305, 312 turns off. As a 
result, node N23, N24 becomes H level , and r -Afreh-NMOS 304 turns on. Then, source 
electric potential of NMOS 302 decreases , and . And, a route of current comprised of 
NMOS 302, PMOS 301 is taken. On the other hand, node N25 is pulled down , and t 
And, PMOS 308 turns on. When PMOS 308 turns on, node N21 becomes H levels 
and . And, PMOS 309 turns on. Then, source electric potential of NMOS 310 is 
pulled up to the high voltage VDD. Moreover, when node N24 becomes H level, 
NMOS 311 is on, because the output enable signal EB is H level. Then, node N22 
becomes H level , and . And, output signal OUT3 becomes 0V. When node N21 
becomes H level, PMOS 314 turns of f, and . And, output signal OUT2 becomes an 
intermediate electric potential. Output signal OUT1 becomes 0V, as NMOS 316 turns 
on, because output signal OUT3 is 0V. 

On the other hand, if input signal IN becomes H level; NMOS 305, 312 turns 
on and PMOS 306, 307 turns off. Then, nodes N22, N23 are pulled down , and . And, 
NMOS 317 turns off. Since NMOS 311 is on, node N24 is pulled down , and . And, a 
route of current comprised of PMOS 309, NMOS 310 is taken. A*hM>MOS 314 turns 
on[[,]] when node N21 is pulled down , and ^ ndr-PMOS 300 turns on, so as to pull 
up node N25. And, output Outeut signal OUT1 becomes 5V, output signal OUT2 
becomes 5V, and output signal OUT3 becomes an intermediate electric potential. 

(Third prior art) 

Fig. 12 is a circuit diagram showing a structure of a_Jevel transforming 
circuit of a third Third prior art disclosed in Japanese patent No. 3258229. This level 
transforming circuit comprises with MOS transistors with aw hieh dielectric strength 
of a^_gate oxide film which is lower than ajiigh voltage (5V), so as to transform a 
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level from a low voltage electricity source system to a high voltage electricity source 
system, similar to the second as w e ll as — Second prior art. As shown in Fig. 12, this 
level transforming circuit comprises CMOS circuit 10, intermediate circuit 30, 40, 
and CMOS circuit 20. 

CMOS circuit 10 comprises PMOS 11, 12 and NMOS 13, 14. PMOS 11, 12 
are connected in series between the high voltage electricity source (VDD: 5V) and 
output node Nl. NMOS 13, 14 are connected in series between the node Nl and the 
ground. The And, the gate of PMOS 11 for pulling up[[,]] is connected with node N4. 
On the other hand, the gate of NMOS 14 for pulling down[[,]] is inputted with a 
signal IN which amplitude is between a low voltage (VCC: 3V) and the ground. On 
the other hand, each gate of PMOS 12 and NMOS 13 is impressed with the low 
voltage in common. 

The intermediate circuit 30 comprises PMOS 31, 32. PMOS 31 is connected 
between the high voltage electricity source VDD and output node N3 , and . And, its 
gate is connected with node N4. On the other hand, PMOS 32 is connected between 
node N3 and the low voltage electricity source VCC , and . And, its gate is connected 
with output node Nl of CMOS circuit 10. 

The intermediate circuit 40 comprises PMOS 41, 42. PMOS 41 is connected 
between the high voltage electricity source VDD and output node N4 ,and . And, its 
gate is connected with node N3. On the other hand, PMOS 32 is connected between 
node N4 and the low voltage electricity source VCC , and . And, its gate is impressed 
with output signal OUT1. 

CMOS circuit 20 comprises PMOS 21, 22 and NMOS 23, 24. PMOS 21, 22 
are connected in series between the high voltage electricity source VDD and output 
node N2. NMOS 23, 24 are connected in series between the output node N2 and the 
ground. The And, th e gate of PMOS 21 for pulling up[[,]] is connected with node N3. 
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On the other hand, the gate of NMOS 24 for pulling down[[,]] is inputted with an 
inverse signal of the input signal IN. Each On the oth e r hand, e ach gate of PMOS 22 
and NMOS 23 is impressed with the low voltage in common. 
Hereafter, the operation of this circuit is described. 

When the input signal is the low voltage level VCC, NMOS 14 turns on. Thus, 
PMOS 32 turns on. As a result, PMOS 41, 21 turn on. On the other hand, NMOS 24 
turns off by the inverse signal of the input signal. Thus, PMOS 42 turns off. 
Therefore, an output signal of the high voltage level VDD is output p ut out . In this 
state, direct current does not pass through the circuit[[,]] because PMOS 11, 31, 42 
and NMOS 24 are in an off state. 

On the other hand, when the input signal changed from the low voltage level 
VCC to the ground level (OV level), NMOS 24 turns on. Thus, PMOS 42 turns on. As 
a result, PMOS 11,31 turn on , and r Aft4r-NMOS 14 turns off by the inverse signal of 
the input signal. Thus, PMOS 32 turns off. Therefore, an output signal of the ground 
level (OV level) is output p ut out . In this state, direct current does not pass through 
the circuity,]] because PMOS 21, 41, 32 and NMOS 14 are in an_off state. 

However, the level transforming circuit of the conventional art have n e xt 
problems. 

For exampleT ha^, as for the firstfe st prior art (Fig. 10), transistors having 
a g ate oxide film strength higher strong e r than the voltage level VDD of high 
voltagevekge electric source[[,]] are used asfe* some of the transistors , these 
transistors being . Thos e ar e each of two inverters comprising latch circuit 200 and 
NMOS 211, 212. Therefore, the gate oxide films of these transistors must be thick 
and their gate length must be long. In addition, in order A ftdr-to make MOS 
transistors capable of enduring high voltage, some portions of an integrated circuit 
on a semiconductor chip must be treated specially. ThusSe, there is a problem that_a 
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manufacturing process becomes complicated. 

On the other hand, as for the secondS eeen4 prior art (Fig. 11), a level 
transforming circuit is able to comprise only transistors having gate oxide film 
strength lower than the high voltage level VDD. However, the secondS eeeft4 prior art 
limits an amplitude of a^gate voltage (node N21) of PMOS 314, by using the effect of 
turning off PMOS 309; so as to restrain the gate voltage under the strength of a_gate 
oxide film less than the high voltage level VDD. Meanwhile, the gate of PMOS 309 
is impressed with an electric potential VB. Therefore, the electric potential of the 
gate of PMOS 309 does not decrease less than VB+Vth, even if ajogical value of 
node N21 is L level. Here, Vth is a_threshold voltage of PMOS. 

While PMOS 309 is turning off, the electric potential of node Nl gradually 
comes to VB+Vth. The level transforming circuit of the second S e cond prior art uses 
this motion , and therefore, ^ khrcould not operate rapidly. 

Moreover, the gate voltage of PMOS 314 (electric potential of node N21) 
becomes VDD-(VB+Vth). ThusS e, if (VB+Vth) is higher than 0V, the gate voltage 
becomes low. Therefore, there is another problem that the ability to bear ajoad of the 
output section decreases. Moreover, the output signal OUT1 rises to 5V from 0V, 
when NMOS 317 turns off and PMOS 314 turns on. In this occasion, the source 
potential of PMOS 315 is pulled up rapidly. Therefore, the voltage Vgs between the 
gate and source of PMOS 315 becomes a voltage suchr -se- that the current flowing in 
PMOS 315 is equal to the current flowing in PMOS 314. ThusS e, between the source 
and drain of PMOS 314, avoltage of VCC+Vgs is impressed. Similarly, output signal 
OUT1 drops to 0V from 5V, when PMOS 314 turns off and NMOS 317 turns on. In 
this occasion, the source potential of NMOS 316 is pulled down rapidly. Therefore, 
the voltage Vgs between gate and source of NMOS 316 becomes a voltage suchv -se- 
that the current flowing in NMOS 316 is equal to the current flowing in NMOS 317. 
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So, between the source and drain of NMOS 316, a_voltage of VCC+Vgs is impressed. 
Therefore,_a voltage exceeding the voltage preferred in_a low voltage electricity 
source system[[ 5 ]] is transiently impressed between the source and drain. ThusS e, an 
ability o f the device is deteriorated by a hot carrier. As a result, caus e d was a 
problem was caused in that the reliability of the device deteriorates. 

Moreover, as for the third Third prior art (Fig. 12), a level transforming 
circuit is able to comprise only transistors having a^_gate oxide film strength lower 
than the high voltage level VDD , as w e ll . However, in the third : Tktf4 prior art A has 
n e xt f e atur e s. That is, as for CMOS circuit 10, ajurning on resistance of PMOS 11, 
12 is set higher than ajurning on resistance of NMOS 13, 14. As And, as for CMOS 
circuit 20, ajurning on resistance of PMOS 21, 22 is set higher than ajurning on 
resistance of NMOS 23, 24. As B e sid e s, as for intermediate circuit 30, a^turning on 
resistance of PMOS 31 is set higher than ajurning on resistance of PMOS 32. As And, 
as for intermediate circuit 40, aturning on resistance of PMOS 41 is set higher than a 
turning on resistance of PMOS 42. Therefore, the third Third prior art has the 
following problem. 

When input signal IN becomes the low voltage level VCC from the ground 
level, the electric potential of node Nl rises rapidly[[,]] because the t urning on 
resistance of NMOS 13, 14 is lower than the turning on resistance of PMOS 11, 12 A 
and . And, the voltage between source and drain of PMOS 12 becomes VCC+Vgs. 
Here, Vgs is the gate source voltage of PMOS 12, which flows current in PMOS 12 
theas same as the current flowing in PMOS 11. ThusS e*, the voltage between the 
source and drain transiently becomes higher than VCC. Similarly, the voltage 
between the g ate and source of PMOS 32 becomes VCC+Vgs. Here, Vgs isjhe gate 
source voltage of PMOS 32, which flows current in PMOS 32 theas same as the 
current flowing in PMOS 31. Thus Se, the voltage between the g ate and source 
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transiently becomes higher than VCC. Therefore, voltage exceeding the voltage 
preferred in aMow voltage electricity source system[[,]] is transiently impressed 
between the source and drain. Moreover, voltage exceeding the voltage preferred in a 
low voltage electricity source system[[,]] is transiently impressed between the g ate 
and source. ThusS o, the ability of the device is deteriorated by_a hot carrier. As a 
result, caus e d was a problem was caused in t hat the reliability o f the device 
deteriorates. 

Moreover, with dropping of output node N3, output node N2 is pulled up by 
the turning on current of PMOS 21 flowing through PMOS 22. There And, th e r e is an 
occasion when a buffer to drive ^succeeding output stage is provided to the level 
transforming circuit of Fig. 12. This buffer comprises two PMOS's (first PMOS and 
second PMOS)[[,]] which are connected in series between the high voltage electricity 
source VDD and the low voltage electricity source VCC. The source of the first 
PMOS is connected with the high voltage electricity source VDD. The drain of the 
second PMOS is connected with the low voltage electricity source VCC. The gate of 
the first PMOS is connected with output node N3. The gate of th^second PMOS is 
connected with output node N2. In this occasion, the first PMOS comes into an_on 
state, while the second PMOS is still in an on state. Therefore, passing current flows 
from the high voltage electricity source VDD to the low voltage electricity source 
VCC. As a result, caused is a problem is caused of increasing electricity consumption 
in vain. 

Moreover, as described in Japanese patent 3258229, in the occasion when the 
output stage of the semiconductor integrated circuit is driven, each transistor of the 
output stage usually has a^gate width of several hundred h undreds ix m. ThusS^, as 
for a_gate width of each transistor of a_buffer driving this transistor of the output 
stage, if it is narrower than several hundred hundr e ds ju m, current flowing through 
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the output stage decreases. As And as a result, caus e d is a problem is caused of 
deteriorating high mobility of the output stage. 

The present invention is aimed at providing a_novel and improved level 
transforming circuit, which is able to operate fast and to restrain drivability drop, so 
as to solve the problems contained in the level transforming circuit of the p rior art 
mentioned above. 

SUMMARY OF THE INVENTION 

According to the first aspect of the present invention, provided is: a level 
transforming circuit comprising[[;]] a first CMOS circuit (10), (10) — ? a first 
intermediate circuit (30). (30) , a second intermediate circuit (40), (40) ; a second 
CMOS circuit (20), (20) 5 a seventh p-channel type MOS transistor (51p), (Sip) , and 
an eighth p-channel type MOS transistor (52p) (Claim 1) . 

The first CMOS circuit (10) comprises first and second p-channel type MOS 
transistors (11,12) connected in series between a high voltage electricity source 
(VDD) and first output node (Nl), and first and second n-channel type MOS 
transistors (13,14) connected in series between said first output node (Nl) and the 
ground, wherein a^_gate of said first p-channel type MOS transistor (11) which 
functions functioning as a pull up switch is impressed with a first signal, wherein the 
gate of second n-channel type MOS transistor (14) functioning as a pull down switch 
is impressed with an input signal (IN) having an amplitude between a low voltage 
electricity source (VCC) and the ground, and wherein gates of said second p-channel 
type MOS transistor (12) and said first n-channel type MOS transistor (13) are 
impressed with the low voltage electricity source (VCC) in common. 

The first intermediate circuit (30) comprises third p-channel type MOS 
transistor (31) connected between the high voltage electricity source (VDD) and 
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second output node (N3) A wherein its gate is impressed with said first signal, and it 
comprises third n-channel type MOS transistor (32) connected between said second 
output node (N3) and the low voltage electricity source (VCC^ wherein its gate is 
impressed with said first signal. 

The second intermediate circuit (40) comprises fourth p-channel type MOS 
transistor (41) connected between the high voltage electricity source (VDD) and the 
s e cond a third output node (N4) A wherein its gate is impressed with electric potential 
of second output node of said first intermediate circuit, and it comprises fourth 
n-channel type MOS transistor (42) connected between the third output node (N4) 
and the low voltage electricity source (VCC)^ wherein its gate is impressed with 
electric potential of second output node (N3), and it puts out said first signal from 
said third output node. 

The second CMOS circuit 20 comprises fifth and sixth p-channel type MOS 
transistors (21,22) connected in series between the high voltage electricity source 
(VDD) and fourth output node (N2), and fifth and sixth n-channel type MOS 
transistors (23,24) connected in series between said fourth output node (N2) and the 
ground, wherein the g ate of said fifth p-channel type MOS transistor (21) which 
functions functioning as a pull up switch is impressed with a signal having an electric 
potential of second output node (N3) of the first intermediate circuit, and wherein the 
gate of said sixth n-channel type MOS transistor (24) functioning as a pull down 
switch is impressed with an inverse signal (IN2) of the input signal (IN), and 
wherein gates of said sixth p-channel type MOS transistor (22) and fifth n-channel 
type MOS transistor (23) are impressed with the low voltage electricity source 
(VCC) in common, and wherein a signal having an amplitude of said high voltage 
and ground voltage is output p ut out from said fourth output node (N2). 

The seventh p-channel type MOS transistor (5 lp) is connected between_a 

10 



common node of first and second p-channel type MOS transistors (11,12) in series 
and second output node N3 of said first intermediate circuit, and its gate is impressed 
with an electric potential of said first output node (Nl) of first CMOS circuit (10). 

The eighth p-channel type MOS transistor (52p) is connected between a 
common node of fifth and sixth p-channel type MOS transistors (21,22) in series and 
third output node (N4) of said second intermediate circuit, and its gate is impressed 
with an electric potential of said fourth output node (N2) of second CMOS circuit 
(20). 

According to the above configuration, electric potential exceeding the low 
voltage level is not statically impressed with the gate oxide film of each transistor. 
Therefore, a level transforming circuit is able to comprise only MOS transistors 
whose which endurable strength of gate oxide film is lower than the high voltage 
electricity source level. In addition Besid e s , the latch circuit comprises a^CMOS 
invertor. On the other hand, the second prior art mentioned above (Fig. 2) employs 
an effect of turning off o f the source follower transistor[[,]] in order to limit 
amplitude of gate voltage. Therefore, the first aspect of present invention is able to 
operate faster than the second prior art and to restrain a^drivability drop. Especially, 
as for an SOI device of a_depletion type, whosewhieh- dielectric strength between 
source and drain is low owing to its structure; the first aspect of presentp esent 
invention is extremely e xtr e mly useful, because overvoltage is not impressed between 
the source and drain. 

A level transforming circuit according to the second aspect of present 
invention uses the , adopts following structure. 

Referring As referring to the first aspect, the g ate of the seventh p-channel 
type MOS transistor (51p) is impressed with an electric potential of said first output 
node (Ni l and the ^ -Aftd^-gate of the eighth p-channel type MOS transistor (52p) is 
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impressed with an electric potential of said fourth output node (N2). On the other 
hand, in this point, the g ate of the seventh p-channel type MOS transistor (5 lp) is 
impressed with an electric potential of said low voltage , and the r -An4^gate of the 
eighth p-channel type MOS transistor (52p) is impressed with the same electric 
potential of said low voltage (Claim 7) . 

According to the above structure, obtained is an effect that load to the gate 
oxide films of seventh p-channel type MOS transistor (51p) and eighth p-channel 
type MOS transistor (52p) further decreases. 

Incidentally, in the level transforming circuit o f the first or second aspect, 
the following adaptation is possible. 

The turning Turning on resistance of each MOS transistor is able to be set as 
follows^ — (Claim 2, 8 ) . 

(1) The turning Tufftiftg on resistance of the first p-channel type MOS transistor in 
the first CMOS circuit is set higher than the t urning on resistance of the second 
p-channel type MOS transistor, and the t urning on resistance of the second n-channel 
type MOS transistor is set higher than the turning on resistance of the first n-channel 
type MOS transistor. 

(2) The turning Turning on resistance of the fifth p-channel type MOS transistor in 
the second CMOS circuit is set higher than the turning on resistance of the sixth 
p-channel type MOS transistor, and the turning on resistance of the sixth n-channel 
type MOS transistor is set higher than the turning on resistance of the fifth n-channel 
type MOS transistor. 

(3) The turning Turning on resistance of the third p-channel type MOS transistor in 
the first intermediate circuit is set higher than the t urning on resistance of the 
seventh p-channel type MOS transistor. 

(4) The turning Turning on resistance of the fourth p-channel type MOS transistor in 
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the second intermediate circuit is set higher than the t urning on resistance of the 
eighth p-channel type MOS transistor. 

According to the above structure, even in a transient state, a voltage 
exceeding a dielectric strength between the source and drain is not impressed 
between the source and drain of each MOS transistor. Therefore, a level transforming 
circuit is able to comprise only MOS transistor s whose which endurable dielectric 
strength between the source and drain is lower than the high voltage electricity 
source. Moreover, even in ^transient state, a_voltage exceeding the low voltage level 
is not impressed to the gate oxide film of each transistor mentioned above. Therefore, 
a level transforming circuit with higher reliability is able to comprise only MOS 
transistor s whose- whiek endurable dielectric strength is lower than the high voltage 
electricity source. 

Moreover, the substrate of third n-channel type MOS transistor (32) in the 
first intermediate circuit is connected with the source of the third n-channel type 
MOS transistor, and the substrate of fourth n-channel type MOS transistor (42) in the 
second intermediate circuit is connected with the source of the fourth n-channel type 
MOS transistor; and are isolated from the substrate of the other n-channel type MOS 
transistor — (Claim 3, 9) . 

Moreover, substrates of the seventh p-channel type MOS transistor (5 lp) and 
an eighth p-channel type MOS transistor (52p) are connected with each source or 
each drain; and are isolated from the substrate of the other n-channel type MOS 
transistor — (Claim 4, 10) . 

According to the above structure, third n-channel type MOS transistor (32) 
and fourth n-channel type MOS transistor (42) are formed in a p-well region isolated 
electrically from the substrate. Moreover, seventh and eighth p-channel type MOS 
transistors (5 lp, 52p) are isolated from the n-well of the other PMOS. Thus, obtained 

13 



is an effect that ajoad to gate oxide films of third and fourth n-channel type MOS 
transistors (32, 42), and seventh and eighth p-channel type MOS transistors (51p, 
52p), further decreases. Moreover, inverse bias voltage impressed to a_pn junction 
formed between the drain and substrate of third and fourth n-channel type MOS 
transistors (32, 42)[[,]] is able to decrease. Moreover, e xp e ct e d is faster circuit 
operation is expected lTJl because a^substrate bias effect of third and fourth 
n-channel type MOS transistors (32, 42) does not influence the operation of the 
circuit. 

Moreover, each p-channel type MOS transistor and each n-channel type MOS 
transistor can be formed on an active region isolated by an insulating film. . (Claim 5, 
11) . According to the above structure, obtain e d is an effect is obtained that passing 
current is small and_a fast output circuit is realized. 

Moreover,_a first signal is a signal having an amplitude between the high 
voltage and the low voltage, and the first signal is output p ut out independently of the 
output signaL (Claim 6, 12) . According to the above structure, operation can be fast 
and drop of load drivability can be restrained. Moreover, arange of adaptation of the 
level transforming circuit becomes wide. 

The level transforming circuit according to third aspect of present invention 
is provided with seventh n-channel type MOS transistor (5 In) and eighth n-channel 
type MOS transistor (52n), instead of seventh p-channel type MOS transistor (5 lp) 
and eighth p-channel type MOS transistor (52p). Gates And, gat e s of seventh 
n-channel type MOS transistor (5 In) and eighth n-channel type MOS transistor (52n) 
are impressed with an electric potential of the high voltage^ — (Claim 13) . 

According to the above structure, gates of seventh n-channel type MOS 
transistor (5 In) and eighth n-channel type MOS transistor (52n) are impressed with 
the high voltage electricity source (VDD), so as to write data into the latch circuit 
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comprising first CMOS circuit (10) and second CMOS circuit (20). Therefore, the 
turning on resistance becomes lower than what is obtained when the circuit 
comprises a_p-channel type MOS transistor. ThusS e, obtain e d is an effect is obtained 
that an area of the elements decreases. 

Incidentally, in the level transforming circuit of third aspect, the following 
adaptation is possible. 

Turning on resistance of each MOS transistor is able to be set as follows.. 
(Claim H) . 

(1) The turning Turning on resistance of the first p-channel type MOS transistor in 
the first CMOS circuit is set higher than the t urning on resistance o f the second 
p-channel type MOS transistor, and the turning on resistance of the second n-channel 
type MOS transistor is set higher than the turning on resistance of the first n-channel 
type MOS transistor. 

(2) The turning Turning on resistance of the fifth p-channel type MOS transistor in 
the second CMOS circuit is set higher than the turning on resistance of the sixth 
p-channel type MOS transistor, and the turning on resistance o f the sixth n-channel 
type MOS transistor is set higher than the turning on resistance of the fifth n-channel 
type MOS transistor. 

(3) The turning Turning on resistance of the third p-channel type MOS transistor in 
the first intermediate circuit is set higher than the turning on resistance of the 
seventh n-channel type MOS transistor. 

(4) The turning Turning on resistance of the fourth p-channel type MOS transistor in 
the second intermediate circuit is set higher than the turning on resistance of the 
eighth n-channel type MOS transistor. 

According to the above structure, even in a_transient state, a voltage 
exceeding a dielectric strength between the source and drain is not impressed 
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between the source and drain of each MOS transistor. Therefore, a level transforming 
circuit is able to comprise only MOS transistor s whose which endurable dielectric 
strength between the source and drain is lower than the high voltage electricity 
source. Moreover, even in ^transient state, avoltage exceeding the low voltage level 
is not impressed to the gate oxide film of each transistor mentioned above. Therefore, 
a level transforming circuit with higher reliability is able to comprise only MOS 
transistor s whose^ whieb endurable dielectric strength is lower than the high voltage 
electricity source. 

Moreover, the substrate of third n-channel type MOS transistor (32) in the 
first intermediate circuit is connected with the source of third n-channel type MOS 
transistor, and the substrate of fourth n-channel type MOS transistor (42) in the 
second intermediate circuit is connected with the source of the fourth n-channel type 
MOS transistor; and are isolated from the substrate of the other n-channel type MOS 
transistor^ — (Claim 15) . 

Moreover, substrates of seventh n-channel type MOS transistor (5 In) and an 
eighth n-channel type MOS transistor (52n) are connected with each source or each 
drain; and are isolated from the substrate of the other n-channel type MOS transistor.. 
(Claim 16) . 

According to the above structure, third n-channel type MOS transistor (32) 
and fourth n-channel type MOS transistor (42) are formed in a p-well region isolated 
electrically from the substrate. Moreover, seventh and eighth n-channel type MOS 
transistors (5 In, 52n) are isolated from the n-well of the other NMOS. Thus, 
obtained is an effect that ajoad to gate oxide films of third and fourth n-channel type 
MOS transistors (32, 42), and seventh and eighth n-channel type MOS transistors 
(5 In, 52n), further decreases. Moreover, an inverse bias voltage impressed to pn 
junction formed between the drain and substrate of third and fourth n-channel type 
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MOS transistors (32, 42)[[,]] is able to decrease. Moreover, a oxpootod is faster 
circuit operation is expected [|M1 because a^substrate bias effect of third and fourth 
n-channel type MOS transistors (32, 42) does not influence the operation of the 
circuit. 

Moreover, each p-channel type MOS transistor and each n-channel type MOS 
transistor can be formed on an active region isolated by an_insulating film^ — (Claim 
17) . According to the above structure, obtain e d is an effect is obtained that passing 
current is small and ajast output circuit is realized. 

Moreover,_a first signal is a signal having an amplitude between the high 
voltage and the low voltage, and the first signal is output p ut out independently of the 
output signal.. — (Claim 1 8 ) . According to the above structure, operation can be fast 
and drop of load drivability can be restrained. Moreover, arrange of adaptation of a 
level transforming circuit becomes wide. 

Moreover, according to the other aspect of present invention, in a 
semiconductor circuit comprising a low voltage system circuit which is connected 
between the low voltage electricity source and the ground and which outputs ap ate 
e*rt signal having an amplitude between the low voltage and the ground voltage, and 
a level transforming circuit transforming a^signal output p ut out from the low voltage 
system circuit into a_signal having an amplitude between the high voltage higher than 
the low voltage and the ground voltage, the level transforming circuit being 
formed compris e s according to each of the above first to third aspect. 

Incidentally, in the above description, elements designated with symbols in 
parentheses are for ease ofe asy understanding of invention , and . And, t hese symbols 
do not limit the scope of present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 



17 



The present invention will be understood more fully by the 
following succ ee ding detailed description in conjunction with the following 
accompanying drawings. 

Fig. 1 is a circuit diagram showing a level transforming circuit according to 
Embodiment 1 and 2. 

Fig. 2 is a graph showing operation wave form of the level transforming 
circuit , where [[.]] (a) corresponds to the level transforming circuit of Fig. K and [[.]1 
(b) corresponds to the level transforming circuit of Fig. 11. 

Fig. 3 is a circuit diagram showing a level transforming circuit according to 
Embodiment 3. 

Fig. 4 is a circuit diagram showing a level transforming circuit according to 
Embodiment 4. 

Fig. 5 is a circuit diagram showing a level transforming circuit according to 
Embodiment 5. 

Fig. 6 is a circuit diagram showing a level transforming circuit according to 
Embodiment 6. 

Fig. 7 is a circuit diagram showing a level transforming circuit according to 
Embodiment 7. 

Fig. 8 is a circuit diagram showing a level transforming circuit applying 
Embodiment 3 to Embodiment 5. 

Fig. 9 is a circuit diagram showing a level transforming circuit applying 
Embodiment 4 to Embodiment 5. 

Fig. 10 is a circuit diagram showing a level transforming circuit of the first 
prior art. 

Fig. 11 is a circuit diagram showing a level transforming circuit of the 
second prior art. 
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Fig. 12 is a circuit diagram showing a level transforming circuit of the third 
prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments will be described with reference to the 
accompanying drawings hereafter. Incidentally, in this application and accompanying 
drawings, as for plural elements having the same function and structure in substance, 
the same plural elements are designated with the same symbols, so as to omit the 
same description. 
<Embodiment 1> 

Fig. 1 is a circuit diagram showing a structure of the level transforming 
circuit according to Embodiment 1. 

The level transforming circuit4s, as shown in Fig. 1, comprises a first CMOS 
circuit 10, a first intermediate circuit 30, a second intermediate circuit 40, a second 
CMOS circuit 20, a seventh p-channel type MOS transistor 51p, and an eighth 
p-channel type MOS transistor 52p. 
(The[[A]] first CMOS circuit 10) 

The ff All first CMOS circuit 10 has PMOS 11, 12 and NMOS 13, 14. PMOS 
11, 12 are connected in series , and . And, t his series circuit is connected between a 
high voltage electricity source VDD and an output node Nl. Here, the high voltage 
electricity source VDD provides a high voltage of 3.3V for example. NMOS 13, 14 
are connected in series , and . And, this series circuit is connected between the output 
node Nl and the ground. B e sid e s, PMOS 11 hasgete its gate connected with a node 
N4, so as to function as a pull up switch. On the other hand, NMOS 14 hasg ets its 
gate connected with an input signal IN, so as to function as a pull down switch. For 
this purpose, the input signal IN has an amplitude between a low voltage VCC and 
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the ground. This low voltage VCC is 1.8V for example which is lower than the high 
voltage VDD. On the other hand, PMOS 12 and NMOS 13 haveget their gates 
impressed with the low voltage VCC in common. 
(The[[A]] first intermediate circuit 30) 

Ihe[[A]] first intermediate circuit 30 has PMOS 31 and NMOS 32. PMOS 31 
is connected between the high voltage VDD and an output node N3 , and . And, its 
gate is connected with the node N4. NMOS 32 is connected between the output node 
N3 and the low voltage VCC , and . And, its gate is connected with the node N4. 
(The[[A]] second intermediate circuit 40) 

The[[A]] second intermediate circuit 40 has PMOS 41 and NMOS 42. PMOS 
41 is connected between the high voltage VDD and the output node N4 , and . And, its 
gate is connected with the node N3. NMOS 32 is connected between the output node 
N4 and the low voltage VCC , and . And, its gate is connected with the node N3. 
(Ihe[[A]] second CMOS circuit 20) 

The[[A]] second CMOS circuit 20 has PMOS 21, 22 and NMOS 23, 24. 
PMOS 21, 22 are connected in series , and . And, t his series circuit is connected 
between the high voltage electricity source VDD and the output node N2. NMOS 
23,24 are connected in series , and . And, this series circuit is connected between the 
output node N2 and the ground. Besides, PMOS 21 hase ete its gate connected with a 
node N3, so as to function as a pull up switch. On the other hand, NMOS 24 hasg ete 
its gate connected with an input signal IN2, so as to function as a pull down switch. 
Here, the input signal IN2 is made of an inverse signal of the input signal IN. On the 
other hand, PMOS 22 and NMOS 23 haveget their gates impressed with the low 
voltage VCC in common. 

(The[[A]] seventh p-channel type MOS transistor 5 lp) 

The[[A]] seventh p-channel type MOS transistor 51p hasgete its gate 
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connected with the node Nl of first CMOS circuit 10 , and . And, its source is 
connected with the node N3. Besides, its drain is connected with the source of PMOS 
12 of first CMOS circuit 10. 

(TheAft eighth p-channel type MOS transistor 52p) 

TheAn eighth p-channel type MOS transistor 52p hasgets its gate connected 
with the output signal OUT1 , and . And, its source is connected with the node N4. 
Besides, its drain is connected with the source of PMOS 22 of second CMOS circuit 
20. 

In the configuration mentioned above, the first intermediate circuit 30 and 
the second intermediate circuit 40 comprise a latch circuit. To And, to this latch 
circuit, writing of data is performed by way of the seventh p-channel type MOS 
transistor 51p and the eighth p-channel type MOS transistor 52p. PMOS 12 and 
NMOS 13 of CMOS circuit 10 are provided so as to act as an overvoltage protector 
of PMOS 11 and NMOS 14 respectively , and ^ nd^both gates of PMOS 12 and 
NMOS 13 are impressed with the low voltage electricity source VCC in common. A 
substrate (N type well region) of PMOS 11 and a substrate of PMOS 12 are 
connected with the high voltage electricity source VDD in common. A B e sid e s, a 
substrate of NMOS 13 and a substrate of NMOS 14 are connected with the ground in 
common. 

Similarly, PMOS 22 and NMOS 23 of CMOS circuit 20 are provided so as to 
act as an overvoltage protector of PMOS 21 and NMOS 24 respectively , and ^-Aft4r 
both gates of PMOS 22 and NMOS 23 are impressed with the low voltage electricity 
source VCC in common. A substrate (N type well region) of PMOS 21 and a 
substrate of PMOS 22 are connected with the high voltage electricity source VDD in 
common. A B e sid e s, a substrate of NMOS 23 and a substrate of NMOS 24 are 
connected with the ground in common. 
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Moreover, a substrate of PMOS 31 of the first intermediate circuit 30 is 
connected with the high voltage electricity source VDD , and . And, a substrate of 
NMOS 32 is connected with the ground. 

Similarly, a substrate of PMOS 41 of the second intermediate circuit 40 is 
connected with the high voltage electricity source VDD , and . And, a substrate of 
NMOS 42 is connected with the ground. 

Moreover, substrates of PMOS 51p and PMOS 52p are connected with the 
high voltage electricity source VDD respectively. 

The operating voltage of each PMOS transistor and NMOS transistor 
mentioned above isafe limited by a_dielectric strength of their gate oxide film within 
the scope of more than VCC and more than VDD-VCC and less than VDD. In the 
description mentioned below, it is provided that a relation of 
VDD>VCC>=VDD-VCC is maintainedk ept. Moreover, the inverse bias strength of a 
pn junction between the diffusing region and substrate of each PMOS transistor and 
NMOS transistor is set higher than the high voltage VDD. 

The configuration of the voltage converting circuit of Embodiment 1 is made 
as mentioned above. 

Next, the operation of the same voltage converting circuit is described below. 
<Operation of Embodiment 1> 

NMOS 14 turns on when the input signal IN is the low voltage VCC. In this 
occasion, the source electric potential of NMOS 13 goes down. Thus, NMOS 13 turns 
on. Then, the electric potential of output node Nl goes down to the ground levels 
and . And, if source of PMOS 12 is high voltage level, then PMOS 12 turns on. Then, 
source electric potential of PMOS 12 goes down. Moreover, PMOS 5 lp turns on. 
Then, the electric potential of node N3 goes down. Therefore, PMOS 41,21 turns on. 

On the other hand, NMOS 24 turns off by inverse signal IN2 of the input 
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signal IN. In this occasion, the source electric potential of PMOS 22 goes up by 
electric current from PMOS 21. Then, PMOS 22 turns on , and . And, t he electric 
potential of output node N2 goes up. Moreover, PMOS 52p goes to off state from on 
state. Thus, the electric potential of output node N4 goes up. Then, NMOS 32 turns 
on , and . And, N MOS 42 turns off. Therefore, high voltage level VDD is put out to 
the output OUT1 and OUT2 respectively. In this state, no direct current pass exists 
because PMOS 11,31 and NMOS 42, 24 are in off state. Moreover, the output node 
N3 becomes low voltage level VCC , and . And, t he output node N4 becomes high 
voltage level VDD. 

On the other hand, NMOS 24 turns on by inverse signal IN2 of the input 
signal IN when the input signal IN goes to the ground level from the low voltage 
level VCC. In this occasion, the source electric potential of NMOS 23 goes down. 
Thus, NMOS 23 turns on. Then, the electric potential of output node N2 goes down 
to the ground level , and . And, PMOS 22 turns on, because source of PMOS 22 is 
high voltage level. Then, source electric potential of PMOS 22 goes down. Moreover, 
PMOS 52p turns on. Then, the electric potential of node N4 goes down. Therefore, 
PMOS 11,31 turns on. 

On the other hand, NMOS 14 turns off by the input signal IN. In this 
occasion, the source electric potential of PMOS 12 goes up by electric current from 
PMOS 11. Then, PMOS 12 turns on , and . And, the electric potential of output node 
Nl goes up. Moreover, PMOS 51p goes to off state from on state. Thus, the electric 
potential of output node N3 goes up. Then, NMOS 42 turns on , and ^ Att4r-NM0S 32 
turns off. Therefore, ground level (OV) is put out to the output OUT1 and low voltage 
level VCC is put out to the output OUT2. In this state, no direct current pass exists 
because PMOS 21, 41 and NMOS 32, 14 are in off state. Moreover, the output node 
N3 becomes high voltage level VDD , and . And, t he output node N4 becomes low 
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voltage level VCC. 

Moreover, the first intermediate circuit 30 and the second intermediate 
circuit 40 comprise a latch circuit. To And, to this latch circuit, data signal is sent by 
way of the seventh p-channel type MOS transistor 5 lp and the eighth p-channel type 
MOS transistor 52p. The latch circuit operates so as to amplify the data signal with 
the threshold voltage level of the first intermediate circuit 30 and the second 
intermediate circuit 40 as a central voltage level. Data And, data is written in the 
latch circuit so as to keep the data in the latch circuit. In the occasion when data is 
kept in the latch circuit, it operates so as to send out an electric potential by way of 
the seventh p-channel type MOS transistor 51p and the eighth p-channel type MOS 
transistor 52p. 

In the operation mentioned above, voltage higher than the low voltage level 
VCC is never impressed between the gate and the source or drain of each MOS 
transistor. Moreover, between the gate and the substrate, voltage higher than the low 
voltage level VCC is never impressed, except NMOS 32, 42, and PMOS S51p, 52p. 
When a channel is formed as MOS transistor is on, the channel is in the same electric 
potential as the source. ThusSe, the voltage between the source and the substrate is 
not impressed to the gate oxide film. Only the voltage between the g ate and the 
source is impressed to the gate oxide film. 

On the other hand, when a channel is not formed as MOS transistor is off, 
total voltage Vgs+Vsb consisting of gate source voltage Vgs and source substrate 
voltage Vsb is divided between gate oxide film and ^depletion layer under the gate. 
The depletion layer extends as Vsb increases , and . And, the voltage impressed to the 
gate oxide film does not increase so much. With the reason mentioned above, even if 
Vsb is impressed, the maximum voltage impressed to the gate oxide film is not 
different from the conventional art. Thus Se, reliability of the g ate oxide film is never 
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deteriorated. 

Figs. 2(a) and 2(b) are Fig. 2 is a graphs of an operation wave of level 
transforming circuits. Fig 2 (a) is that of present invention and Fig. 2 (b) is 

that of the second conventional art. OUT2, N3 of Fig. 1 correspond to N25, N21 of 
Fig. 11 respectively. The electric potential Vb of Fig. 11 is set to the low voltage 
level VCC (=1.8V), so as to make the same condition as Fig. 1. Low level of N25, 
N21 of Fig. 11 does not decrease to the low voltage level VCC. Instead, they are 
2.0V. The falling down wave form of N21 drops sharply to 2.3V . but . But, it 
descends gently from there, because PMOS becomes off. On the other hand, rising up 
wave form of N21 goes up more sharply than that of N25[[.]] because PMOS 307 
turns on and node N24 is charged with electric current from PMOS 304. The 
sharpness of rising up wave form of N21 is almost the same as that of N3 in Fig. 
2(a). 

If the low level does not sufficiently drop when PMOS 314 turns on, then the 
falling down becomes gentle from near 2.3V. ThusSe, PMOS 314 cannot sufficiently 
bear the load of output. On the other hand, OUT2 has an amplitude between the high 
voltage VDD and the low voltage VCC in Fig. 2(a) , and . And, the wave form of 
falling down and rising up becomes gentle for a moment , but . But, it does not 
matter mutter . 

<Effect of Embodiment 1> 

As mentioned above, according to Embodiment 1, the g ate oxide film of each 
transistor mentioned above is not impressed with an electric potential exceeding the 
low voltage level statically. Therefore, a level transforming circuit can comprises 
MOS transistor where anw hiek acceptable dielectric strength of the g ate insulating 
film is lower than the high voltage level. The Besid e s, latch circuit comprises_a 
CMOS inverter. Thus, the voltage between the g ate and the source impressed with 
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each transistor of the CMOS inverter transiently becomes lower than the low voltage 
level. Thus, the level transforming circuit of present invention operates faster than 
the second conventional art (Fig. 11) . and a . And, drop of load bearing ability can be 
restrained. 

Moreover, according to Embodiment 1, the level transforming circuit 
comprises the intermediate circuit consisting of the MPS transistor and the CMOS 
inverter. Thus, the voltage between the g ate and the source impressed with each 
transistor of the CMOS inverter transiently becomes lower than the low voltage 
level. 

<Embodiment 2> 

Embodiment 2 has almost the same configuration as Embodiment 1 except 
for t he following configuration. The resistance for turning on PMOS 11 of CMOS 
circuit 10 is set greater than the resistance for turning on PMOS 12 , and . And, the 
resistance for turning on NMOS 14 is set greater than the resistance for turning on 
NMOS 13. Similarly, the resistance for turning on PMOS 21 of CMOS circuit 20 is 
set greater than the resistance for turning on PMOS 22 , and . And, t he resistance for 
turning on NMOS 24 is set greater than the resistance for turning on NMOS 23. 
The Bosides, tog e ther with th e se, th e resistance for turning on PMOS 31 of 
intermediate circuit inverter 30 is set greater than the resistance for turning on PMOS 
51p , and . And, t he resistance for turning on PMOS 41 of intermediate circuit 
inverter 40 is set greater than the resistance for turning on PMOS 52p. 

The operation voltage limited by ^resisting voltage between the source and 
the drain of PMOS transistor and NMOS transistor mentioned above is sufficiently 
higher than voltage (VCC+Vth) , and . And, it is sufficiently higher than voltage 
(VCC-VCC+Vth) and lower than voltageVDD. Here, amaximum of absolute value of 
the threshold of each MOS transistor is Vth. 
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<Operation of Embodiment 2> 

To begin with, NMOS 14 turns on when the input signal IN changes from the 
ground level to the low voltage VCC. In this occasion, the source electric potential 
of NMOS 13 goes down. Thus, NMOS 13 turns on. Then, the electric potential of 
output node Nl comes down from the high voltage level. In this occasion, the voltage 
between the gate and the source of NMOS 13 slightly exceeds the threshold value 
voltage Vth, because the resistance for turning on NMOS 14 is set greater than the 
resistance for turning on NMOS 13. TheAn4r source of PMOS 12 is a_high voltage 
level, and the g ate of PMOS 12 is ajow voltage level VCC. ThusSe, PMOS 12 is 
turned on. Then, the voltage between the drain and the source of PMOS 12 is kept at 
the low voltage until the electric potential of output node becomes an extent of the 
low voltage level VCC. Then, the source electric potential of PMOS 12 goes down. 
Moreover, PMOS 51p turns on. Then, the electric potential of node N3 goes down. 

In this occasion, the voltage impressed between the source and the drain of 
PMOS 51p becomes low[[,]] because the resistance for turning on PMOS 31 is set 
greater than the resistance for turning on PMOS 51p. Moreover, the gate-source 
voltage and the gate-drain voltage of PMOS 5 lp are restrained beneath the low 
voltage level VCC[[,]] because the voltage between the drain and the source of 
PMOS 12 is kept low voltage , and ^ ndr-PMOS 41,21 turns on. 

On the other hand, NMOS 24 turns off by inverse signal IN2 of the input 
signal IN. In this occasion, the source electric potential of PMOS 22 goes up by 
electric current from PMOS 21. Then, PMOS 22 turns on , and . And, t he electric 
potential of output node N2 goes up. In this occasion, NMOS 23 is in on state. Then, 
the drain-source voltage of NMOS 23 is kept at the low voltage until the electric 
potential of output node N2 becomes an extent of the low level voltage VCC , and 
the . And, gate-source voltage of PMOS 22 at that time, is an extent slightly 
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exceeding the threshold value of PMOS 22[[,]] because the resistance of turning on 
PMOS 21 is set greater than the resistance of turning on PMOS 22. Moreover, PMOS 
52p goes to off state from on state. 

In this occasion, the voltage impressed between the source and the drain is 
low[[,]] because the resistance of turning on PMOS 41 is set greater than the 
resistance of turning on PMOS 52p. Moreover, the g ate-source voltage and the 
gate-drain voltage of PMOS 52p are restrained beneath the low voltage level 
VCC[[,]] because the drain-source voltage of PMOS 22 is kept at a certain low 
voltage , and ^ -Andr-the electric potential of output node N4 goes up. Then, NMOS 32 
turns on , and . And, N MOS 42 turns off. Therefore, high voltage level VDD is put 
out to the output OUT1 and OUT2 respectively. 

On the other hand, the same operation is performed when the input signal IN 
goes to the ground level from the low voltage level VCC. ThusSe, the same 
description is omitted. 

As described above, a voltage slightly exceeding voltage (VCC+Vthn), even 
in a transient state, is impressed between the source and the drain of NMOS 13, 23. 
Here, Vthn is maximum value of the threshold value voltage , and . And, a voltage 
slightly exceeding voltage (VDD-VCC+Vthn) is impressed between the source and 
the drain of PMOS 12, 22. Here, Vthp is maximum value of the absolute value of 
threshold value voltage. 
<Effect of Embodiment 2> 

As described above, according to Embodiment 2, voltage exceeding the 
strength between the source and the drain is never impressed between the source and 
the drain of each transistor mentioned above, even in a transient state. Therefore, the 
level transforming circuit can comprise only a MPS transistor whosewhieh 
source-drain strength is lower than the high voltage electricity source. Moreover, a 
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voltage exceeding the low voltage level is never impressed with the gate oxide film 
of each transistor mentioned above, even in transient state. Therefore, a reliable level 
transforming circuit can comprise only the MPS transistor whosewfeieh strength of 
gate oxide film is lower than the high voltage electricity source level. 
<Embodiment 3> 

Fig. 3 shows a level transforming circuit according to Embodiment 3. In Fig. 
3, elements that are the same as Embodiment 1 are designated with the same 
symbols. 

Embodiment 3 is different from Embodiment 1 or 2 in the followingn e*t 
points. As for NMOS 32 of intermediate circuit inverter 30 and NMOS 42 of 
intermediate circuit inverter 40, their substrates are connected with the sources of 
each NMOS respectively instead of the ground. As for PMOS 51p, its substrate is 
connected with the output node N3 instead of the high voltage electricity source 
VDD. As And, as for PMOS 52p, its substrate is connected with the output node N4 
instead of the high voltage electricity source VDD. NMOS 32 and 42 mentioned 
above are formed in a P well region, which is formed in a deep N well region formed 
on a p type semiconductor substrate. Thus, these NMOS transistors are electrically 
separated from the semiconductor substrate. 
<Operation of Embodiment 3> 

The operation of this circuit is the same as Embodiment 1 and 2 mentioned 
above. In Embodiment 1 mentioned above, it is described that voltage impressed with 
the g ate oxide film is an extent of the low voltage level VCC even when the 
gate-substrate voltage is the high voltage level VCC. 
<Effect of Embodiment 3> 

In Embodiment 3, NMOS 32 and 42 are formed in aJP well region electrically 
separated from the semiconductor substrate , and . And, PMOS 5 lp and 52p are 
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separated from the N well of other PMOS. Substrates Besid e s, substrat e s of NMOS 32, 
42 and PMOS 51p, 52p are connected with their own sources respectively. Therefore, 
obtain e d is an effect is obtained of further relieving load to the gate oxide film of 
NMOS 32, 42 and PMOS 51p, 52p. Moreover, inverse bias voltage impressed with 
the pn junction is relieved, which is formed by the drain and the substrate of NMOS 
32 and 42. Moreover, faster operation of the circuit is expected[[,]] because 
influence of substrate bias on the operation of circuit does not exist about NMOS 32 
and 42. 

An element El e m e nt isolation technique such as triple well structure applied 
to Embodiment 3[[,]] has been adopted for LSI made by_a fine process[[,]] for the 
purpose of reducing substrate noise or reducing leak current , and . And, the cost of 
production increases by several percent. But, this technique is necessarily adopted 
from now on, as fineness of elements proceeds. That is, this technique is not adopted 
only for making the structure of Embodiment 3. ThusSe, what makes the process of 
production complicated[[,]] is not Embodiment 3. 
<Embodiment 4> 

Fig. 4 is a circuit diagram showing the structure of a^level transforming 
circuit according to Embodiment 4. In Fig. 4, the same elements as those in Fig. 1 
are designated with the same symbols. 

Embodiment 4 is what comprises each MOS transistor of Embodiment 1, 2 or 
3 formed in a_silicon region isolated completely by an oxide film. That is, each MOS 
transistor comprises ajransistor of SOI (Silicon On Insulator) structure. The well 
region (substrate) of bulk CMOS in Fig. 1 is called_a body region in SOI structure. 
As for SOI of ^complete depletion type, the body is usually set in floating state , and 
a_. And, t ransistor having three terminal is obtained. Moreover, as for SOI of a 
partial depletion type, there is an occasion when the body is set in ajloating state,. 
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and . And, there is the other occasion when the body is connected with the source or 
with an electricity source level as the same as bulk CMOS. The configuration of 
Embodiment 1 is the same as the configuration of Embodiment 3 shown in Fig. 3, in 
the occasion when the b ody is connected with the source or with the electricity 
source level as the same as bulk CMOS. Fig. 4 shows the occasion when the body is 
set in ^floating state. 
<Operation of Embodiment 4> 

The operation of the circuit of Embodiment 4 is the same as that of 
Embodiment 1 or 2 mentioned abovebefore. 

In the description of Embodiment 1 mentioned above, the inverse bias 
strength of the p n junction between the diffusing region and the substrate, 
comprising each PMOS transistor and each NMOS transistor of bulk CMOS, is set 
higher than high voltage level VDD[[,]] was described. On the wafer of SOI structure, 
formed is a berried oxide film, whosewhteh thickness is an extent of lOOnm to 
500nm in the silicon layer beneath the surface o f the wafer. The And, th e region 
where each transistor is formed is isolated from each other by an oxide film of 
similar size. Therefore, the strength o f the isolating oxide film, which corresponds to 
the inverse bias strength of the p n junction between the diffusing region and the 
substrate forming each PMOS transistor and each NMOS transistor of bulk 
CMOS[[,]] is set as strong as 10V or higher strong e r than this . 
<Effect of Embodiment 4> 

In Embodiment 4, aJMOS transistor of SOI structure is adopted. Therefore, 
the body is able to be used in a_floating state. Thus Th e n , the manufacturer does not 
need to care for the voltage between the g ate and the body (substrate) of each MOS 
transistor, and the strength between the drain and the substrate. Moreover, as 
mentioned above, the strength between the body and the substrate is sufficiently 
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strong as_compared with the high voltage level VDD. Therefore, in the latest process 
of manufacturing ajine structure of a_semiconductor, a semiconductor integrated 
circuit with higher reliability is manufactured. 

Moreover, an element region is completely isolated by the oxide film. 
Therefore, parasitic capacity of the source and the drain of each MOS transistor 
decreases , and a . And, faster operation of the circuit can be obtained. Further, 
element isolation of SOI structure adopted in Embodiment 4 is beneficial forte 
decreasing noise in the substrate or decreasing leak current in the j unction. 
<Embodiment 5> 

Fig. 5 is a circuit diagram showing the structure of a^level transforming 
circuit according to Embodiment 5. In Fig. 5, the elements that are the same as Fig. 1 
are designated with the same symbols. 

Embodiment 5 is different from Embodiment 1 in the following points. The 
gate of PMOS 51p is connected with the low voltage electricity source instead of the 
output node N K and . And, t he gate of PMOS 52p is connected with the low voltage 
electricity source instead of the output node N2. 
<Operation of Embodiment 5> 

NMOS 14 turns on when the input signal IN is the low voltage VCC. In this 
occasion, the source electric potential of NMOS 13 goes down. Thus, NMOS 13 turns 
on. Then, the electric potential of output node Nl goes down to the ground levels 
and ^An4^if the source of PMOS 12 is ahigh voltage level, then PMOS 12 turns on. 
Then, source electric potential of PMOS 12 goes down. Moreover, PMOS 51p has 
turned on. Then, the electric potential of node N3 goes down. Therefore, PMOS 41, 
21 turns on. 

On the other hand, NMOS 24 turns off by inverse signal IN2 of the input 
signal IN. In this occasion, the source electric potential of PMOS 22 goes up by an 

32 



electric current from PMOS 21. Then, PMOS 22 turns on , and . And, the electric 
potential of output node N2 goes up. Moreover, PMOS 52p goes to on state from off 
state. Thus, the electric potential of output node N4 goes up. Then, NMOS 32 turns 
on , and . And, N MOS 42 turns off. Therefore, high voltage level VDD is put out to 
the output OUT1 and OUT2 respectively. In this state, no direct current pass exists 
because PMOS 11, 31 and NMOS 42, 24 are in off state. Moreover, the output node 
N3 becomes low voltage level VCC , and . And, t he output node N4 becomes high 
voltage level VDD. 

On the other hand, NMOS 24 turns on by inverse signal IN2 of the input 
signal IN when the input signal IN goes to the ground level from the low voltage 
level VCC. In this occasion, the source electric potential of NMOS 23 goes down. 
Thus, NMOS 23 turns on. Then, the electric potential of output node N2 goes down 
to the ground level , and ^ Aftd^PMOS 22 turns on[[,]] because the source of PMOS 
22 is the high voltage level. Then, the source electric potential of PMOS 22 goes 
down. Moreover, PMOS 52p has turned on. ThusSe, the electric potential of node N4 
goes down. Therefore, PMOS 11,31 turns on. 

On the other hand, NMOS 14 turns off by the input signal IN. In this 
occasion, the source electric potential of PMOS 12 goes up by the electric current 
from PMOS 11. Then, PMOS 12 turns on , and . And, t he electric potential of output 
node Nl goes up. Moreover, PMOS 5 lp goes to on state from off state. Thus, the 
electric potential of output node N3 goes up. Then, NMOS 42 turns on , and . And, 
NMOS 32 turns off. Therefore, ground level (OV) is put out to the output OUT1 and 
low voltage level VCC is put out to the output OUT2. In this state, no direct current 
pass exists because PMOS 21, 41 and NMOS 32, 14 are in off state. Moreover, the 
output node N3 becomes high voltage level VDD , and . And, the output node N4 
becomes low voltage level VCC. 
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In the operation mentioned above, each MOS transistor is impressed with the 
same voltage as Embodiment 1 except PMOS S51p, 52p. Since[[,]] gate electric 
potential of PMOS 51p, 52p is connected with the electric potential of the low 
voltage level, the voltage impressed between the gate and the source or between the 
gate and the drain is not higher than the low voltage level. Moreover, the voltage 
impressed between the g ate and the substrate is not higher than the low voltage level. 
<Effect of Embodiment 5> 

As mentioned above, according to Embodiment 5, the g ate electric potential 
of PMOS 51p, 52p is fixed at the low voltage level VCC. Therefore, voltage 
exceeding the low voltage level is not impressed, even at transient response. Thus, 
obtained io an effect is obtained of ajoad to the gate oxide film of PMOS 51p, 52p 
being is reduced. 
<Embodiment 6> 

Fig. 6 is a circuit diagram showing the structure of a^level transforming 
circuit according to Embodiment 6. In Fig. 6, the elements that are the same as Fig. 1 
are designated with the same symbols. 

Embodiment 6 is different from Embodiment 1 in the following points. 
PMOS 51p is replaced by NMOS 51n. The gate of NMOS 51n is connected with the 
high voltage electricity source instead of the output node Nl. PMOS 52p is replaced 
by NMOS 52n . and . And, the gate of NMOS 52n is connected with the high voltage 
electricity source instead of the output node N2. 

On the other hand, Embodiment 6 is different from Embodiment 5 in the 
following points. PMOS 51p is replaced by NMOS 51n. The gate of NMOS 51n is 
connected with the high voltage electricity source. The substrate of NMOS 5 In is 
connected with the ground level. PMOS 52p is replaced by NMOS 52n. The gate of 
NMOS 52n is connected with the high voltage electricity source , and . And, the 
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substrate of NMOS 52n is connected with the ground level instead of the high 
voltage electricity source. 
<Operation of Embodiment 6> 

NMOS 14 turns on when the input signal IN is the low voltage VCC. In this 
occasion, the source electric potential of NMOS 13 goes down. Thus, NMOS 13 turns 
on. Then, the electric potential of output node Nl goes down to the ground levels 
and ^ AraMf the source of PMOS 12 is the high voltage level, then PMOS 12 turns 
on. Then, the source electric potential of PMOS 12 goes down. Moreover, NMOS 5 In 
turns on. Then, the electric potential of node N3 goes down. Therefore, PMOS 41,21 
turns on. 

On the other hand, NMOS 24 turns off by inverse signal IN2 of the input 
signal IN. In this occasion, the source electric potential of PMOS 22 goes up by the 
electric current from PMOS 21. Then, PMOS 22 turns on , and . And, the electric 
potential of output node N2 goes up. Moreover, NMOS 52n goes to off state from on 
state. Thus, the electric potential of output node N4 goes up. Then, NMOS 32 turns 
on , and T -An&r-NMOS 42 turns off. Therefore, high voltage level VDD is put out to 
the output OUT1 and OUT2 respectively. In this state, no direct current pass exists 
because PMOS 11,31 and NMOS 42, 24 are in off state. Moreover, the output node 
N3 becomes low voltage level VCC , and . And, the output node N4 becomes high 
voltage level VDD. 

On the other hand, NMOS 24 turns on by inverse signal IN2 of the input 
signal IN when the input signal IN goes to the ground level from the low voltage 
level VCC. In this occasion, the source electric potential of NMOS 23 goes down. 
Thus, NMOS 23 turns on. Then, the electric potential of output node N2 goes down 
to the ground level , and ^ And^-PMOS 22 turns on[[,]] because source of PMOS 22 is 
high voltage level. Then, the source electric potential of PMOS 22 goes down. 
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Moreover, NMOS 52n turns on. Then, the electric potential of node N4 goes down. 
Therefore, PMOS 11,31 turns on. 

On the other hand, NMOS 14 turns off by the input signal IN. In this 
occasion, the source electric potential of PMOS 12 goes up by the electric current 
from PMOS 11. Then, PMOS 12 turns on , and . And, the electric potential of output 
node Nl goes up. Moreover, NMOS 5 In goes to off state from on state. Thus, the 
electric potential of output node N3 goes up. Then, NMOS 42 turns on , and . And, 
NMOS 32 turns off. Therefore, ground level (OV) is put out to the output OUT1 and 
low voltage level VCC is put out to the output OUT2. In this state, no direct current 
pass exists because PMOS 21, 41 and NMOS 32, 14 are in off state. Moreover, the 
output node N3 becomes high voltage level VDD , and . And, the output node N4 
becomes low voltage level VCC. 

In the operation mentioned above, the voltage impressed with each MOS 
transistor is the same as Embodiment 1, except NMOS 5 In, 52n. The gate of NMOS 
5 In, 52n is connected with the electric potential of the high voltage level , and . And, 
the electric potential of the source or the drain[[,]] is between the low voltage level 
VCC and the high voltage level VDD. Therefore, the voltage impressed between the 
gate and the source or between the g ate and the drain is not higher than the low 
voltage level. Moreover, the voltage between the g ate and the substrate does not 
matter muttef, as mentioned in Embodiment 1 . 
<Effect of Embodiment 6> 

As mentioned above, according to Embodiment 6, each gate of NMOS 5 In, 
52n is connected with the high voltage level VDD. Thus, [[a]] data is written in a 
latch circuit comprising intermediate circuit inverter 10 and 20. Therefore, obtain e d 
an effect is obtained of reducing the area for elements[[,]] because the resistance for 
turning on NMOS is smaller than the resistance for turning on PMOS. 
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<Embodiment 7> 

Fig. 7 is a circuit diagram showing Embodiment 7. Embodiment 7 is what 
applies the level transforming circuit shown in Fig. 1 to an integrated circuit of 
tri-state buffer. This tri-state buffer comprises a logic circuit 50[[ 5 ]] which operates 
by a_low voltage electricity source. The output of this logic circuit 50 is connected to 
the level transforming circuit, which has the structure shown in Fig. 1. 
(logic circuit 50) 

The logic circuit 50 of the low electricity source system has a data terminal 
51 and a enable terminal 52 . and . And, the circuit comprises a NAND gate 53, 
inverters 54, 55, and a NOR gate 56. Further, the output o f the level transforming 
circuit is connected with a pre-buffer circuit 60 and a main buffer circuit 70. The 
pre-buffer circuit 60 comprises PMOS 61 and NMOS 62. It provides PMOS 71 with a 
signal having an amplitude of a voltage between the high voltage VDD and the low 
voltage VCC. The main buffer circuit 70 comprises PMOS 71, 72 and NMOS 73, 74 A 
and . And, it puts out the output signal OUT from an output pad 80 to the outside of 
integrated circuit. 
<Operation of Embodiment 7> 

When ground level (0V) is inputted to the enable terminal 52J[;]] the high 
voltage level VDD is impressed to the gate of PMOS 71, and ground level (0V) is 
impressed to the gate of NMOS 74. Then, output signal OUT gets in a state of high 
impedance. 

On the other hand, when low voltage level VCC is impressed to the enable 
terminal 52 and to the data terminal 51J[;]] the low voltage level VCC is impressed 
to the gate of PMOS 71, and ground level (0V) is impressed to the gate of NMOS 74. 
Then, output signal OUT becomes high voltage level VDD. 

Moreover, when low voltage level VCC is impressed to the enable terminal 
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52 and ground level (OV) is impressed to the data terminal 51 4 [[;]] the high voltage 
level VDD is impressed to the gate of PMOS 71, and low voltage level VCC is 
impressed to the gate of NMOS 74. Then, output signal OUT becomes ground level 
(OV). Therefore, it functions as a tri-state buffer. 
<Effect of Embodiment 7> 

As mentioned above, according to Embodiment 7, a signal having amplitude 
of voltage ranging from the high voltage level VDD to the low voltage level VCC is 
provided to PMOS 7 K and . And, t he pre-buffer circuit 60 drives the main buffer 
circuit 70 by an inverter operating at a voltage between high voltage level and low 
voltage level. Therefore, an effect is obtained of realizing an output circuit which 
passing current is reduced and which operating speed is high , is obtain e d . 

As mentioned above, preferable Embodiments of the level transforming 
circuit according to present invention[[,]] are described. However, the present 
invention is not limited to these Embodiments. A person of ordinary skill can 
apparently conceive various modifications or alterations in the scope of 
technological thought described in the claims Claims . ItAftd^ — k is naturally 
understood that such those modifications or alterations belong to the t echnological 
scope of the present invention. 

For example, as for Embodiment 5 mentioned above, described is a structure 
of connecting each gate of PMOS 51p, 52p with the low voltage level VCC, so as to 
write data in the latch circuit comprising intermediate circuit inverter 10 and 20. 
However, if structures described in Embodiment 2 to 4 are applied to Embodiment 5, 
each effect the same as the effect described in Embodiment 2 to 4 is obtained. 
Moreover, a structure of MOS diode can be adopted, which connects each gate PMOS 
51p, 52p with the corresponding drain. 

Fig. 8 shows an example which applies appli e d the invention of Embodiment 
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3[[,]] to Embodiment 5. Fig. 9 shows an example which applies appli e d the invention 
of Embodiment 4[[,]] to Embodiment 5. 

Moreover, in Embodiment 6 mentioned above, described is a structure of 
connecting each gate of NMOS 5 In, 52n with the high voltage level VDD, so as to 
write data in the latch circuit comprising intermediate circuit inverter 10 and 20. 
However, if structures described in Embodiment 2 to 4 are applied to Embodiment 6, 
each effect the same as the effect described in Embodiment 2 to 4 is obtained. 
Moreover, a structure of MOS diode can be adopted, which connects each gate 
NMOS 5 In, 52n with the corresponding drain. 

Moreover, the MOS diode o f the modification of Embodiment 5 and 6 can be 
replaced by a_pn junction diode. 

Moreover, in Embodiment 1, described is the operation by NMOS 14 and 24 
functioning for pulling down CMOS circuit 10, 20. However, almost the same 
operation is performed[[,]] if input signal IN is directly impressed to the source of 
NMOS 23, omitting NMOS 24. Similarly, in Embodiment 1, almost the same 
operation is performed[[,]] if input signal IN2 is directly impressed to the source of 
NMOS 13, omitting NMOS 14. Thus, the circuit becomes simpler than Embodiment 1 
and . And, only one kind of signal is used. Moreover, similarly, in Embodiment 1, the 
circuit becomes even simpler, if input signal IN2 is directly impressed to the source 
of NMOS 13, omitting NMOS 14, besides input signal IN is directly impressed to the 
source of NMOS 23, omitting NMOS 24. 

Moreover, in Embodiment 1, described is the operation by PMOS 11 and 21 
functioning for pulling up CMOS circuit 10, 20. However, almost the same operation 
is performed, even if PMOS 11 and 21 are omitted , and ^Aft&r-thenlTJI the circuit 
becomes simple. Moreover,__a similar effect is obtained[[,]] if PMOS 11 and 21 are 
omitted about Embodiment 2 to 7 or the modified circuit of Embodiment 1 to 7. 
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Further, if structures described in Embodiment 1 to 6 are applied to 
Embodiment 7, the effect the same as each effect described in Embodiment 1 to 6 is 
obtained. 

Moreover, in Embodiment 7, another pre-buffer circuit can be added, or the 
pre-buffer 60 can be omitted. 

Moreover, the low voltage electricity source VCC commonly connected to 
each MOS transistor 12, 13, 22, 23 etc. is replaced with each individual low 
electricity source corresponding to each MOS transistor 12, 13, 22, 23 etc. 
AlternativelvQ *, instead, it is replaced with each individual bias circuit. Thus, each 
resistance of transistor can be adjusted , and . And, it is possible to freely set the g ate 
width or the g ate length. 

Incidentally, two kinds of electricity sources of 3V and 1.8V are provided in 
these Embodiments. However, in a device of 0.1 y m age, the strength of the g ate 
oxide film will become an extent of 1.3V. In this occasion, the present invention can 
be embodied by using a_combination of high voltage of 1.8V and low voltage of 
1.0V. 
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ABSTRACT OF THE DISCLOSURE 

A What is disclos e d is: a level transforming circuit includes comprising; a 
first CMOS circuit — (10) , a first intermediate circuit — (30) , a second intermediate 
circuit (10) , a second CMOS circuit (20) , a seventh p-channel type MOS transistor 
(5 lp) , and an eighth p-channel type MOS transistor — (52p) ; wherein the first 
intermediate circuit — (30) and the second intermediate circuit — (10) form oompris e 
a latch circuit. To And, to t his latch circuit, writing of data is performed by way of 
the seventh p-channel type MOS transistor ( 5 lp) — and the eighth p-channel type 
MOS transistor — (52p) . Thus, the[[a]] latch circuit is made up of a^CMOS inverter. 
Therefore, fast operation can be obtained and drop of drivability can be restrained. 
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